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Abstract 
 
Nowadays there are a lot of demands for the renewable energy generation because fossil fuel is being exhausted. The size of 
renewable plant has a tendency to be increased for economic reasons. So the high voltage level facilities are necessary for 
interconnection between power grid and renewable plant. The interconnection facilities should have a transmission capacity enough 
to transfer the peak power generated by renewable plant. However, the output of renewable has an intermittent characteristic and its 
variation range is not small. Therefore an average utilization ratio of interconnection line between is low because of the power 
fluctuation from renewable plant. The High Temperature Superconducting (HTS) cable is able to transmit a large amount of 
electricity without additional power facility. In this paper, an advantage of using HTS cable as an interconnection line between 
power grid and renewable plant are analyzed. 
 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of ISS Program Committee. 
 
Keywords: HTS cable; renewable energy; grid interconnection 
 
1. Introduction 
  
Wind energy is a valuable renewable energy source that has high potential to become a major primary source of 
energy in the future. In mid-2010, the totally installed capacity increased to over 175 GW, and is estimated to hit 260 
GW by 2012 and 425 GW by 2015 [1]. The installations of wind plant now includes planning of large-scale wind 
farms ranging in magnitudes over 400MW, and are considered to constitute a significant part of the renewable power 
production planned all over the world [2]. Recently, large offshore wind farm receives the attention of many countries. 
Some offshore wind farms have already been installed and operated in Europe. Currently, high cost is still the main 
barrier preventing the successful implement of offshore wind power. If its costs cannot be considerably brought down 
in time, offshore wind could lose its attractiveness to the market [3]. 
The output of wind farm is fluctuated by an intermittent characteristic of wind. Transmission facilities between 
wind farm and power grid should have enough transmission capacity for the maximum output of wind farm [4]. But an 
average output of wind farm is much smaller than the maximum one. So an interconnection line between wind farm 
and power grid has low line utilization factor. The capacity factor of onshore wind farm is not over 30% and that of 
offshore wind farm is also not over 50%. But transmission facility should be constructed in case of 100% output of 
wind farm, the capacity of transmission facility is too large for the transmission of wind power. For the transmission 
of much electricity, high voltage transmission facilities are necessary. If HTS cable is used for transmission of 
electricity, those drawbacks can be overcome in low voltage level. HTS cable can transfer a large amount of electricity 
in low voltage level, so it may be suitable for the transmission line from a wind farm to power grid [5]. 
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2. Grid interconnection of renewable energy with HTS cable 
  
An important property of HTS cables is their large transport capacity at low voltage levels. HTS cables can 
transport up to 10 times more power than conventional cables with a much lower amount of energy losses. 
Furthermore these cables have no thermal influence on other infrastructures. There is no heat transfer to the 
environment that could result in a reduction of the transport capacity of other infrastructure. In networks with mixed 
loads and generation, voltage fluctuations are a problem. The low impedance of HTS cables not only reduces the 
energy losses but also contributes to a stable voltage profile in the network [6]. In order to get the low-loss benefits of 
the HTS technology, an efficient cooling system is necessary. The HTS cable will be cooled by one cooling station at 
each end of the cable, using a liquid nitrogen coolant [7].  
DC superconductor cables offer a new option for high power, long distance transmission of electric power. This 
efficient solution is shown to be cost competitive with currently available options while offering the security and siting 
advantages of a compact underground cable. When coupled with multiple VSC terminals and applied at ratings over a 
few GW and lengths over a few 100 km, DC superconductor cables offer an attractive transmission option for 
connecting diffuse sources of renewable power to remote load area in a controlled manner [8]. However, somewhat 
different the previous research, in this paper, the new method of HTS cable utilization is proposed concerning 
combination of AC HTS cable with HVDC. When a large offshore wind farm is connected to mainland, HVDC 
interconnection can be applied considering its transmission distance. In this case, if an amount of the load (like a city 
or large plant) which is near the inverter of HVDC is sufficiently large, electricity from HVDC can be used that area 
instead of transfer to apart load area. In this paper, AC HTS cable and AC cable in low voltage level are used for 
transmission instead of HVAC line at the interconnection point (inverter of HVDC). If this method is applied to the 
interconnection of large renewable energy, there are considerable economic benefits in this method. Because high 
voltage transmission facilities or long distance HTS cable are not necessary in this method. 
 
3. Comparison low voltage facility with high voltage facility 
  
It is necessary to check the economic benefits with low voltage transmission facilities. The required area for pylon 
and substation are described in Table 1. A voltage level is based on the voltage in Korea. Table 2 shows the 
transmission facility construction expenses in 154kV and 345kV. Of course, those figures in Table 1 and 2 are 
approximate value. However, even considering approximate value, expense difference between 345kV and 154kV are 
obvious fact.  
 
Table 1. Required Area for pylon and substation (approximate value) 
 
Voltage level Area per pylon Substation Area 
345kV 200m2 57,000m2 
154kV 140m2 3,000m2 
 
 
Table 2. Construction expenses (approximate value, thousand U.S. dollars) 
 
Voltage level One substation Overhead line (km) Underground line (km)
345kV 39,000 1,800 18,500 
154kV 11,000 900 5,600 
 
4. Proposed scenario 
  
An application method of HTS cable with large offshore wind farm is proposed in this paper. Two scenarios are 
suggested in this chapter. In scenario 1 and 2 are composed of large offshore wind farm, VSC (Voltage Source 
Converter) HVDC, (high or low voltage) transmission line, HTS cable and (remote or near) load area. The important 
point is the existence of load area near the inverter of HVDC. At first, the scenario 1 is shown in Fig. 1. The scenario 1 
is typical transmission form and HTS cable is not necessary in this scenario. The output of offshore wind farm is 
transferred by VSC HVDC in offshore and high voltage transmission line is onshore. Transmission facilities in 
onshore should have an enough capacity to transfer the maximum output of offshore wind farm. Therefore, the high 
voltage transmission facilities are necessary in this scenario. 
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The scenario 2 which is proposed in this paper is shown in Fig. 2. An existence of load area near an inverter of 
HVDC is the crucial factor in scenario 2. Electricity from offshore wind farm is transferred to near load area by HTS 
cable. And remained extra electricity is transferred to the remote load area by low voltage transmission line. It needs 
not high voltage for transmission line to transfer extra electricity because a large amount of electricity may be 
transferred by HTS cable. Also, a large amount of electricity can be transferred by HTS cable in low voltage. 
Therefore, if HTS cable is used in transmission, a variation of power output of offshore wind farm is not a problem. 
 
 
 
 
Fig. 1. Scenario 1: Transmission scenario without HTS cable 
 
 
 
Fig. 2. Scenario 2: Transmission scenario with HTS cable 
 
 
If HTS cable is used in transmission line, like proposed scenario 2, the loss of reactive power is minimized by two 
reasons. Firstly, high voltage facility is not necessary to use HTS cable. Low voltage facility requires a small amount 
of capacitors. Secondly, the resistance of HTS cable is converged to zero and inductance of HTS cable is smaller than 
that of conventional transmission line in same voltage. Therefore an amount of compensation capacitors in HTS 
system can be smaller as contrasted with normal power line. VSC HVDC has an ability of reactive power supply in 
the power system. If VSC HVDC is used in transmission, HTS cable can be operated without additional compensation 
capacitors.  
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The major weakness of the proposed method is the installation cost of HTS cable. In addition, long HTS cable 
needs a lot of maintenance cost at present. So it is somewhat difficult to apply the proposed method to power system 
immediately. But some positive factors are present. The price of HTS cable is decreasing and long HTS cable is not 
necessary in this method. 
 
5. Conclusion 
  
In this paper, the application method of HTS cable is suggested with the integration of a large (offshore) wind farm. 
Electricity can be transferred by using this method without high voltage transmission facilities. As mentioned earlier, 
until now, this method has some weak points due to a cost of installation and maintenance of HTS facilities. But the 
cost concerning HTS facilities is decreasing by the development of technology. If those costs are decreased in the near 
future, a result of this paper can be utilized for electricity transmission. 
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